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This report pr«Mata £«sttlt« af 
LaboratoriM* (CTL) r avian of propoaad capaiir pc^^w4ta£aa foe 
top aurfaca of tha paBaatal atti^pOftiiHr tlia bjfiieoatatle li^^iim 
runnar for tha 64a Aatanna at oss-14# Goldatoiia. Ropoaad rapait 
procaduras wara praparad by Jat Propulsion Laboratory (JPL). 

Thasa procadur as includad: 

1. Ranoval of axisting grout and concrata to approxlnataly 
8 in. balow original concrata surfaca using a prasplit* 
ting tachniqua with axpansiva canant follovad by 
sacondary braaking. 

2. praparation of axposad concrata surfaca including an 
apoxy bonding agant. 

3. Raplacanant of material r amoved with 8 in. of new con- 
crata and 4 in. of nan grout. 

Tha procedures wara submitted to CTL for evaluation and 
racommandation of alternate techniques or materials# if necessary* 
Procedures wara reviewed by CTL and comments and racommandations 


^Raspacfcivaiy# Manager# Analytical Design section; Director# 
Construction Methods Dapartmant; and Director# Structural 
Evaluation and Fire Research Dapartmant# Construction 
Technology Laboratories# a Division of tha Portland Cement 
Association# Skokie# Illinois. 
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M9t% trantmitttd to JPL during a tar its of tha phona confarancaa. 
This.raport confirna thaaa talaphona confarancaa. 

Following tha talaphona confarancaa, JFL raguaatad apacifica- 
tiona for concrata raplacamant procaduraa, concrata aix daalgn, 
and craap propartiaa of an apoxy grout balng conaidarad for 
uaa. Spacifleationa and pralininary mix daaign ara includad in 
tha Appandix of thia raport. Mix daaign will ba finalizad whan 
28 day character iatica ara available at the end of May 1983. 

Creep teats of epoxy grout are in progress. Results will also 
be reported at the end of May 1983. 

Evidence of alkali-silica reaction has been found in tha 
pedestal concrete, it is possible that expansion of reaction 
product is a global problem for the structure. If so, repairs 
significantly beyond the scope of procedures discussed in this 
report may be required. Comments and recommendations in this 
report concern procedures for repair in the local region under 
the hydrostatic bearing runner. The alkali-silica reaction 
problem is being investigated by CTL under a separate contract. 
Possible rehabilitation programs for the global problem will be 
included in a separate report. 

Based on CTL's review, the following comments and recom- 
mendations are presented: 

(1) Concerning depth of removal, it is only necessary to 
remove existing concrete to sound material. However, 

CTL agrees that specifying removal of concrete to a 
consistent depth is advantageous for control of 
construction. 
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(2) Staff of J9L Indieatod that a dapth of approxlMtaly 
8 in. it rtqulcad to rtnova concratt to a la\ral of 

2 In. balov tha layar of axiatlns ralnfoccanant in top 
of tha haunch ration, photographa of ralnforca»ant 
takan during original conatruction indieataa that a 
dapth of approxiaataly 10 in. ia raquirad. 

(3) Praaplitting and aacondary braaking ia a good taehnigua 
for concrata ramoval. Of tha two aathoda of praaplit- 
ting availabla, hydraulic aplittara or axpanaiva 
cananta# praaplitting with an axpanaiva agant ia tha 
nor a faaaibla tachniqua for thia application. Howavar# 
bacauaa tha natarial will ba uaad in horixontal holaa 
and in a daaart anvironnant at high tamparaturaa» it 

ia racomnandad that trial uaa of axpanaiva canant ba 
conducted on a mock-up of tha haunch araa concrata. 

(4) It ia racomnandad that tha outaida vertical aurfaca of 
tha haunch ba "acribad* with a horixontal aawcut to 
control tha praaplitting crack. Also, it ia racom- 
mandad that tha boraholaa ba linad with a thin flaxibla 
alaava to pravant aaapaga of tha axpanaiva agant alurry 
into axiating large cracka in tha haunch concrata. 

(5) If large oil aaturatad aurfacaa are found after con- 
crata ramoval, tha aurfacaa ahould ba cleaned prior to 
placing new material. Procaduraa are contained in 
apacificationa in tha Appendix of thia report. 

(6) Uaa of a Portland Cement grout ia racomnandad aa a 
bonding agant. a Portland Cement grout will perform 
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as vsll as an apoxy for bonding now conersts to ths old 
aurfacs and will bs lass axpansiva. 

(7) Tha axisting top layar of eircuiitfarantial rainforcoMit 
Is No. 8's at 12 in. on-cantar placad with approximataly 
5 in. of covar. It is racouMndad that, for battar 
crack control of naw concrata, a naw layar consisting 

of largar nuabar of snallar dianatar bars ba addad. 
Thirtaan No. 5 bars placad with a 2 in. concrata covar 
and avanly distributad across tha width of tha naw 
concrata will ba affactiva for crack control. 

(8) Craap char actar 1st ics of tha apoxy grout should ba 
avaluatad. Craap tasts ara currantly baing conductad 
by CTL. Results will ba reported at tha and of Nay 
1983. 

(9) Specifications and trial mix design for naw concrete 
are included in the Appendix of this report. 

INTRODUCTION 

At the request of Mr. H. P. Phillips of the Jet Propulsion 
Laboratory (JPL) and as authorized by JPL Contract no. 956493, 
an evaluation was made of proposed repair procedures for the 
top surface of the pedestal supporting the hydrostatic bearing 
runner for the 64m Antenna at DSS-14, Goldstone. A photograph 
of the antenna is shown in Pig. 1. This report presents results 
of Construction Technology Laboratories' (CTL) evaluation. 


ORIGINAL PAGE rs 
OF POOR QUALITY 



Figure 1. 64rn Antenna at DSS-14/ Goldstone 
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Background 

Tha supporting structure for the C4si Antenna Is a cylindrical 
reinforced concrete pedestal consisting of spread footing# wall# 

haunch area, top slab and collar as Illustrated in Fig. 2. Con- 

\ 

structlon of the pedestal was completed in 1964. nie antenna has 
been in operation since 1966. 

Vertical loads from the antenna are supported by three 
hydrostatic bearings riding on the top of the haunch area. 

Lateral loads from the antenna are supported by roller bearing 
thrust assemblies riding against the collar. The three hydro- 
static bearings are located at equal distances around the 
perimeter of the pedestal. An enlarged cross section through 
the hydrostatic bearing system Is shown In Fig. 3 The alidade 
transmits vertical load through a ball socket to the bearing 
pad. This bearing pad is approximately 60 in. long, 40 in. wide 
and 20 in. thick. This pad rides on a thin film of pressurized 
oil on top of a 5-in. thick steel runner. The runner plate 
rests on sole plates set in grout on top of the haunch area 
concrete. 

Proper operation of the hydrostatic bearing requires 
extremely small tolerances in oil film thickness. Therefore, 
the runner plate must be set in a very *flat* position. The 
design permitted a maximum *out-of-flatness* of 0.003 in. over 
a pad length of 60 in. Maintaining *flatness” of the runner has 
been a continuing problem almost from the beginning of operation 
of the antenna. A special non-shrink grout used in the initial 
installation of the runner apparently promoted corrosion of the 
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und«r«id« of tho runnor with roiulting •xpanalon and lota of 
*flatnaaa.* Tha original grout waa ranovtd aftar approxinataly 
two yaara of oparation. Grout waa raaovad by coring borixon- 
tally from tu« ?ida. Tha original grout waa raplacad with dry 
packad Portland Canant natarial. Tha Portland Caaant grout 
ayatan parfornad aatiafactorily for aavaral yaara but avantually 
waa raplacad in local ragiona undar tha runnar. Ragiona 
raquiring rapair ara datarainad froa inatruaantation continually 
aonitoring tha baaring oil fila thicknaaa. Whan tha fila thick- 
naaa ia balow a cartain tolaranca^ ra-grouting ia parforaad. 
Ra-grouting oparationa hava baan coabinad with axtraaaly *fina 
tunad” ahimming batwaan tha aola plataa and runnar. 

in racant yaara, ra-coring, ra-grouting and ra-abiaaing haa 
bacoaa incraaaingly aora frcquant. Tha following Inforaatlon 
concarnlng tha currant condition of tha grout-tunnar ayataa and 
rapair oparationa hava baan ralatad by JPL paraonnal. 

(1) A aurvay by JPL indicataa coring haa axtandad aavaral 
inchaa into tha haunch concrata in approxinataly 40% 

of tha parimatar of padaatal. Tharafora, currant grout 
thicknaaa variaa from tha original 4 in. to approxi- 
mataly 7 in. in aoma araa. 

(2) Prom axamination of corad araaa of haunch concrata, it 
waa datarminad by JPL paraonnal that thin aaama of aoft 
aandy matarial ara praaant in tha top aurfaca of tha 
haunch araa. Thia could ba matarial that collactad in 
ahaar kaya in tha top of tha haunch and waa not pro- 
parly claanad out prior to placing tha initial grout. 


omoiNAL PAOe M 
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AliOf it it thought by JPL ptrtonnti that low trttt 
rtmaining in tht top of tht haunch aftac initial catt- 
ing nay have btan lavaltd off with lowar quality 
concrata . 

(3) Tha oil ratarvoir around tha pad continually laakt. 

It it hypothatiaad by jpl partonnal that laaking oil 
partially infiltratat nawly ra-packad grout and inhi- 
bitt propar davalopaant of grout ttrangth. Mto, 
laaking oil vathat out grout matarial that hat baan 
ground at grout intarfacat at a baaring pad pattat ovar 
grout jointt. Lott of thit matarial raducat tha ttiff- 
natt of tha grout-runnar tyttam. 

Bacauta of tha incraating fraquancy of rapair and tha quas- 
tionabla quality of tha matarial diractly undar tha runnar plata, 
JPL partonnal dacidad to ramova and rabuild a 12 in. layar of 
matarial undar tha runnar. Thit would includa 4 in. of grout and 
8 in. of concrata. Thit rapair work it tchadulad to ba conductad 
batwaan Juna 6 and Novambar 15^ 1983. 

It thould ba notad that a potantially major problam of 
aggragata raactivity it currantly occurring within concrata 
throughout tha padattal ttructura. Evidanca of alkali-tilica 
raaction and attociatad cracking hat baan found in cora tamplat 
takan in variout ragiont of tha ttructura. It it pottibla that 
axpantion of raaction produett it contributing to tha naad for 
fraquant maintananca of tha runnar tyttam. Tha alkali-tilica 
raaction it potantially a global problam for tha ttructura and 
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My rtQuict r«p«ir procAdutM ■IgnifieMtly b«yond tli« scopt of 
tho currontly pltmiod rohabilltatioii projoet. 

Tho pcojoct eurrontly planntd i« focusod on co-ontnblinhinf 
good quality Mtarial in tha local region of tba grout-runnar 
ayatan. Tha alkali-ail ica reaction problan ia being invaatiga- 
tad by CTL under a aaparata contract. Poaaibla rehabilitation 
prograna for thia global problaa will be included in a aaparata 
report. 

JPL paraonnal conaidarad tha following factora to be inport- 
ant in davalopMnt of the repair procaduraa: 

(1) Attainnant of required atrangth. 

(2) Nininiaing af facta of water and oil on axiating alkali- 
ail ica reaction. 

(3) Davalopnant of bond between old and new concrete and 
between new concrete and grout. 

(4) perforning the repaira within acheduled tine and with 
ninimun coata. 

The following top aurfaee repair procaduraa were propoaed 
by JPL paraonnal: 

(1) Top aurfaee concrete of haunch ia to be renoved to a 

uniform depth of approxiMtely 8 in. below original top 
of concrete. (ApproxiMtely 2 in. below lower layera 
of horizontal reinforceMnt. ) Concrete will be reBoeed 
uaing a preaplitting technique followed by aecondary 
breaking. Preaplitting will be perforMd uaing an 
expanaive cement placed in a aeriea of boreholea. 
Horizontal holea will be drilled into the aide of the 
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haunch, 8 in. down fron tha original top surface. 

Holes will be 1-1/2 in. dianeter, 8 in. on center and 
5 ft long. Every other hole will be filled with an 
expansive agent slurry. This procedure is intended to 
presplit an 8-in. layer of concrete along a horizontal 
plane, secondary breakage and renoval of concrete will 
be perforned using hand held impacting equipment. 
Damaged reinforcing bars will be replaced using mecha- 
nical splicing. 

(2) The surface of existing concrete will be sandblasted 
to remove loose material and to expose aggregate. The 
surface will then be coated with an epoxy bonding agent 
(Concresive 1001 LPL or equivalent) and new concrete 
placed up to the original top of concrete elevation. 

(3) The runner plates will oe dry packed in position with 
a 4-in. thick layer of either an epoxy grout or Port- 
land Cement grout. 

Objectives and Scope of work by CTL 

The proposed repair procedures were transmitted to CTL to 
accomplish the following objectives: 

(1) Evaluate proposed concrete removal techniques and 
recommend alternate techniques, if necessary. 

(2) Recommend type of materials and methods of placement 
for rebuilding the concrete and grout. 

The object. ves were accomplished within the following scope: 
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U) A site inspection of the antenna pedestal at DSS-14 was 
made. 

(2) p: 'ns for the rehabilitation work were discussed with 
JPL personnel in Pasadena and at CTL's officer in 
Skokie. 

(3) Engineering drawings and photographs of the original 
construction were reviewed. 

(4) Proposed repair procedures were reviewed and critiqued 
by CTL engineering and material research personnel. 

(5) A literature review and discussion with persons outside 
of CTL with expertise in concrete removal techniques 
and use of expansive cement for presplitting were con- 
ducted. 


REVIEW OF CTL SCOPE OF WORK 

This section of the report describes work done by CTL under 
the particular items of scope. 

Site Inspection 

On March 2, 1983r R* G. Oestecle, B. J. Morgan and D. Stark 
of CTL visited the dss- 14 site at Goldstone and inspected the 
grout-runner system. A photograph of a typical region of the 
system is shown in Fig. 4. 

As shown in Fig. A, the top of haunch concrete has been 
"scalloped" by the horizontal coring of previous grout. The 
grout pad thickness varies from approximately 4 to 7 in. with 
abrupt transitions in thickness. A series of thin shim packs 
are placed between the "sole" plates and runner plate. The 
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* 80 lt” platts bear on the grout. The shim packs are approxi- 
mately 8 in. wide and are placed at approximately 10 in. 
centers. The entire area is covered with oil that has leaked 
from the hydrostatic bearing reservoir. 

Meeting With JPL Engineers at Pasadena 

On March 3, 1983, R. G. Oesterle, B. J. Morgan and d. Stark 
of CTL met with JPL personnel at their offices in Pasadena. 

Mr. Dale Wells of JPL described the proposed repair procedures. 

A short written description was transmitted to CTL on March 4 , 
1983. A copy of this description is included in Appendix of 
this report. 

Review of Drawings and Photographs 

JPL Structural Drawing J9435705 Sheet 1 of 17, Revision D 
dated December 1, 1977, was received and reviewed by CTL. Also, 
photographs taken during construction were reviewed. The draw- 
ing and photographs show reinforcement present in the top layer 
of the haunch region. 

Other Meetings 

During the week of March 7, 1983, repair procedures were 
individually described to selected CTL personnel knowledgeable 
in construction procedures. A meeting of this group was held 
on March 10, 1983 to critique the proposed procedures. Motes 
on this meeting are included in the Appendix of this report in 
interoffice correspondence dated April 4, 1983. The correspond- 
ence also contains notes on meetings held on March 11, 1983 at 
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CTL'8 Offices in Skokie between D. H. McClure and H. P. Phillips 
of JPL and key CTL personnel. 

Review of Concrete Removal Techniques 

A recent report by U.S. Army Engineers^^^ on concrete 
removal techniques was provided by CTL to JPL personnel. Also 
a recent paper on use of expansive cement^*' was reviewed. A 
discussion of the behavior of expansive cement was held between 
R. Oesterle of CTL and the senior author of the paper. Professor 
C. H. Dowding of Northwestern University. A discussion on the 
use of hydraulic splitters was held between R. Oesterle of CTL 
and Nr. E. R. Langfield, President of the firm manufacturing the 
splitters. 

REVIEW OF REPAIR PROCEDURES 

Amount of Concrete To Be Removed 

It is CTL's opinion that repairs can be performed by 
removing only the unsound concrete. However, CTL agrees that 
specifying removal to a consistent depth is advantageous for 
control of construction and planning. Also, replacement with a 
consistent depth of new material should be advantageous for 
operation of the hydrostatic bearing. A uniform layer of con- 
sistent material directly under the runner should provide 
relatively uniform strain through this most highly stressed 
region. 

After removal of existing concrete, the exposed concrete may 
be saturated with oil. Therefore, bonding of new material to 
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old could bo difficult. Cleaning procedures for oily surfaces 
have been included within specifications in the Appendix of this 
report. 


Location of Horizontal Reinforcement 

Reinforcement within a section of the haunch region to be 
repaired is shown in Pig. 5. Staff of JPL indicated that the 
8 in. depth was chosen to permit removal of concrete down to 
approximately 2 in. below horizontal layers of reinforcement in 
the top surface of the haunch. Review of JPL photograph 
No. 033916 by CTL indicates that approximately 10 in. of mate- 
rial should be removed to be 2 in. below all reinforcement. 

This depth however would not alter any removal or replacement 
techniques. 


Location of Vertical Reinforcing 

A review of JPL Drawing J9435705 sheet indicates a vertical 
layer of No. 8 bars at 12 in. on-center near the outside verti- 


! 

! 

I 

\ 


\ 


cal surface of the haunch. These bars can be located with an j 

R-meter for positioning of boreholes. However, there is also a 

vertical layer of No. 11 bars at 12 in. on-center located I 

] 

approximately 17 in. in from the vertical surface of the haunch. j 

1 

I 

Review of photographs indicates that the No. 11 *s do not line up I 

i 

radially with the No. 8's. These bars cannot be located with an { 

R-meter. However, new radar techniques could be used to locate { 

bars. I 
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Fig. 5 Cross Section Through Haunch 
Area Indicating Existing 
Reinforcement in Repair Area 
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personnel of CTL agree that presplitting and secondary 
removal is a feasible technique for the proposed work. In 
general, concrete removal by presplitting can be accomplished 
with use of hydraulic splitters or use of an expansive cement. 

For removal of a shallow horizontal layer, hydraulic splitters 
are only capable of splitting a length of approximately 20 in. 
at a time. Since the layer to be presplit on the antenna pedes- 
tal is 60 in. wide, hydraulic splitters would not be practical 
for this application. Use of an expansive agent is a better 
approach. 

An expansive agent can generate an internal pressure in the 
boreholes of approximately 7000 psi' * This pressure is ade- 
quate to fracture the concrete using 1-1/2 in. diameter holes 
at 8 in. on center with every other hole filled with expansive 
agent. However, because of the following considerations it is 
recommended that JPL personnal conduct trial use of the expan- 
sive agent presplitting techniques on a mock up of the the 
haunch area under conditions similar to those expected at dss-14. 

(1) Expansive characteristics are very temperature sensi- 
tive. If used at low temperatures, it may take a 
couple of days to presplit the concrete, if it works 
at all. Heat generally accelerates the expansive 
reaction. However, effects of high temperatures are 
uncertain. It was stated that poor performance of the 
agent in a case history reported in Reference 1 might 
have been due to high temperature of the mixing water . 
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(2) Tht txpansive agant is usad in a slurry that can ba 
raadlly pourad into vartical holas. Casa hlstorias 
found in tha litaratura^^'^^ by CTL includad axamplas 
of usa only in vartical holas. It is raconoandad that 
JPL parsonnal axpar inant with tachnlquas to placa tha 
natarial in horizontal holas. Cara should ba takan to 
conplataly fill and plug tha hola. 

(3) Ralativaly larga cracks ara prasant in tha haunch con- 
crata. During tha sita inspaction, oil was obsarvad 
at a crack on the insida surfaca of tha haunch. Tha 
oil had apparantly saepad conplataly through tha haunch 
concrete fron the runner area. If boreholes intercept 
larga cracks and allow the expansive agent slurry to 
seep into these cracks, danage to 

the haunch concrete may result. Therefore, it is 
reconmended that boreholes be lined with a thin flexi- 
ble sleeve to prevent seepage of the expansive agent. 

(4) Boreholes at 8 in. on-center should direct tha split- 
ting in a relatively horizontal plane. Boreholes 

60 in. long should approximately intercept a diagonal 
layer of reinforcement. This weakened plane will 
direct the splitting up to the surface in the desired 
location. However, as reported in a case history in 
Reference 1, control of cracking between holas was 
difficult to achieve due to stress relief provided by 
weak material. Similar difficulty may be encountered 
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in th€ antenna haunch concrete if extensive micro- 
cracking has been caused by aggregate reactivity. It 
is^ therefore# recommended that the outside face of the 
haunch concrete be "scribed* with a horizontal sawcut 
to assist in controlling the crack and producing a 
clean# uniform edge on the fracture plane. 

Preparation of Existing Concrete Surface 

After concrete has been removed# the surface of existing 
concrete should be roughened to expose clean aggregate. Light 
sandblasting is a suitable technique. However# care must be 
taken not to polish the surface. When large oil saturated sur- 
faces are found# these surfaces should be cleaned. Techniques 
for cleaning are contained in the specification Included in the 
Appendix of this report. It is not necessary to clean oil on 
surfaces directly adjoining a large crack. Possible lack of 
bond in the vicinity of large cracks will not be harmful and 
may be beneficial to performance of the new concrete overlay. 

Bonding Agent 

It is CTL's opinion that a grout consisting of Portland 
Cement and fine sand will perform as well as an epoxy for bond- 
ing new concrete to the old surface. Both materials require 
care in application. Similarly# both can become debonding 
agents if allowed to set sufficiently prior to placement of 
overlay concrete. 

The amount of water involved in application of the Portland 
Cement bonding agent will not significantly change the aggregate 


- 20 - 


eottBtruethn ^hnology 



ORiQINAL PMX IS 
OF POOR QUALITY 


rtaetlvity probltm. Spaciflcations for natariala and procaduraa 
for tha bonding agant ara Includad in tha Appandix of this raport. 

Raplacanant Conor ata 

Maw Conor ata for tha ovarlay should ba producad with good 
quality matarials including non-raactiva aggragata. Tha Con- 
or ata should ba placad in a nannar to mininiza cracking. Bot 
waathar concrata placanant tachniquas should ba usad. Spacifi- 
cations for natarials and placamant procaduras ara includad in 
tha Appandix of this raport. Also, a trial mix dasign is 
includad in tha Appandix. Tha mix dasign will ba finalizad whan 
28 day propartias ara availabla. 

In addition to propar usa of concrata, adaquata staal rain- 
forcamant should ba usad to minimiza crack widths. Tha amount 
of circumfarantial rainforcamant cross sactional araa prasant 
in tha axisting concrata (5 - No. 8 bars at about 12-in. 
on-cantar) providas an adaquata parcantaga of rainforcamant for 
good distribution of cracking. Howavar, afficiancy of tha 
rainforcamant for controlling crack widths would ba incraasad 
by using a largar numbar of smallar diamatar bars. It is 
racommandad that a layar of thirtaan No. 5 bars placad with 
2-in. covar and avanly distributad across tha width of tha naw 
concrata ba addad. Thasa bars will ba aquivalant to 5-No. 8 
bars for strangth but mora affactiva for crack control. 

Raviaw of construction photographs indicates axisting rain- 
forcamant was placad with a relatively deep covar (approximately 
5 in.). Also, photographs indicate that several of tha No. 8 
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bars in tht top Isysr of tsn 9 sntlsl rsinforetasnt wort not lap 
splictd. Maw tangantial rainforeamant should ba adaquataly 
splicad. An adaquata spliea for Mo. S bars would ba 20 in. 

Raplacanant grout 

It is CTL's opinion that usa of a dry packad Portland Casant 
or apoxy grout would ba adaquata for strangth. Howavar, CTL's 
axparianca in tasting craap charactaristics of propriatary apoxy 
grouts indicatas that# although nagnituda of total craap strain 
undar sustainad load nay ba sinilar in Portland Canant and apoxy 
grouts, tha craap strain nay occur at a significantly fastar 
rata in tha apoxy grout. 

For a particular brand of apoxy grout tastad with 1000 psi 
sustainad strass at 77*F, final craap strain was on tha ordar 
of 850 aillionths. Approxinataly 50% of this strain occurrad 
during tha first 40 hours, virtually 100% would occur in a 6 
nonth pariod. This would rasult in a 0.0034 in. displacanant 
in a 4 in. thick grout pad. This could ba a significant dis- 
placamant consider ing tha axtranaly tight tolaranca of tha 
hydrostatic bearing film thickness. Therefore, it is racon- 
nandad that tha creep charactaristics of tha apoxy grout ba 
investigated, craap tests are currently being conducted by 
CTL. Tha results should ba available shortly. 

SUMMARY AMD COMCLOSIOMS 

Conmants and racommandations are sunmarizad undar Highlights 
at tha beginning of this report. Specifications and trial mix 
design for raplacamant concrete are included in tha Appendix. 
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R«sultt of croop tosta on apoxy grout and final eoncrata mix 
daaign will ba availabla by approxinataly May 11 , 1983. 
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TO: H. Phllllpt 

nOH: 0. Uella 

SUBJECT: PtdMtal Conerctt Btaoval 


Drill 1 1/2" dl«Mt«r holM oa 8" e«nt«rt to « depth of 5*. Bolos to bo 
drilled horisoetelly, epproxlaetely 8" below the top of the pedeetel 
concrete (This le epproslaetely 12" below the bottoe enrfece of the 
hydroetetle beering runner). Pill every otlwr hole with the eppropriete 
Brieter or S-Mite end fracture the concrete. To renove the concrete will 
require secondary breaking. Iknaged rebar to be replaced using nschanical 
splicing. 

Surface prep, sand blast to renove aiqr loose nsterial and to e:^se clean 
aggregate. Coat the surface using eoncresive 1001 LFL or equivalent and 
place new concrete of the specified nix. 


iff 
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To: R. Q. Oosttrlt 

Pron: B. J. Morgan 

Sub j act: Motaa of Naotinga Concarnlng JPL Mars Antanna Padaatal 

Rapairs 


Thara vara thraa maatlnga concarnlng tha rapair of tha Mars 
antanna padaatal. Tha fir at aaating took placa on Thuraday 
■orning, March 10. Tha aacond aaating vaa on Friday aorningt 
March 11, and tha third took placa Friday aftarnoon, March 11. 
Motaa on tha Friday aorning aaating vill ba givan firat ainea 
ovarall projact background vaa diacuaaad. Motaa on tha Thuraday 
aorning aaating will than ba givan follovad by notaa on tha 
Friday aftarnoon aaating. 

Tha Friday aorning aaating vaa a foraal aaating batwaan JFL 
and CTL ataff aaabara. Thoaa in attandanca vara - for JFL: 

D. H. McClura and B. P. Phillipa; for CTL: M. E. Runza, 

N. G. Corley, P. Kliagar, E. A. B. Salaa, H. 6. Ruaaall, 

D. Musaar, R.6. Oastarla, D.C. Stark, and B. J. Morgan.* 

Don McClure froa JPL explained tha Mara antanna altuation at 
Goldatone aa followa. Thara are baaically two daciaiona to ba 
Bade concerning tha antanna that are aaparata, but inter- 
related. Tha firat daciaion ia what to do about tha apparently 
deteriorating concrete in tha padaatal of tha antanna. Tha 
aacond daciaion ia how to phaaa tha aodif icationa of tha diaa- 
atara of tha antannaa at Goldatone, in Australia and in Spain. 
JPL would prefer to increase tha diaaatar of tha Goldatone 
antenna first since it is close to their design offices. 

However, the decision on which antanna to modify first must ba 
made by June 1 of this year since all thraa antennas must be 
ready for tracking the Voyager space craft in 1986 as it flies 
by the planet Oranus. If thara is no definitive answer concern- 
ing tha degradation of the pedestal concrete in tha Goldstona 
antanna by tha middle of May, JPL will increase tha diaaatar of 
tha antanna in Australia first. After one year tha question 
will ba asked again concerning tha degradation in tha concrete 
in tha pedestal of tha Goldstona antanna. Hopefully, by that 
time a more definitive answer could ba givan and a decision 
made on what course of action to be taken. 


*Respectively, vice President, CTL/R&D Group; Divisional 
Director, Engineering Development Division; Consultant, 
Materials Research Department; Director, Structural 
Evaluation and Fire Research Department; Director, struc- 
tural Development Department; Director, Construction 
Methods Department; Manager, Analytical Design Section, 
Principal Patrographar , Materials Research Department; 
and Senior Structural Engineer, Analytical Design Section. 
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Th« Goldtton* anttnna waighs on tha ordar of 8 to 9 nlllion 
pounds. It is aupportad on a hydrostatic baaring which ridas 
on a film of oil approximataly 10 mils thick. Thay hava graat 
difficulty maintaining propar oil film thicknasa and JPL faala 
this is dua to basically two factors. Tha first is that tha 
grout undar tha baaring runnar did not cur a proparly bacausa it 
was contanimatad by oil as it was curing. This problem has 
baan further compounded over tha years by tha continual 
shimming and adjusting of tha runnar to keep tha baaring 
functional. Tha second factor is tha reduction in modulus of 
elasticity in tha main pedestal concrete dua to aggregate 
reaction or other presently unknown causes. It is interesting 
to note that neither of tha overseas antennas appear to hava 
these difficulties. One of tha reasons may be that tha runners 
are 7 inches thick on tha overseas antennas; tha Goldstona 
runnar is only 5 inches thick. Also, there is no indication of 
aggregate reactivity in tha overseas antennas. 

The area under the bearing will be repaired this year. The 
schedule for repair is as follows. Prom June 6 to November 15 
the hydrostatic bearing will be reconstituted. Prom November 
15 to January 15, 1984, the radial thrust bearing will be 
reconstructed. Prom January 15 to March 1 electronic tests of 
new electronic equipment will be conducted. They expect the 
antenna to be back in service by March 1, 1984, although there 
may be possibly two weeks of extension allowable beyond that 
time. 

JPL plans to let contracts for the repair of the bearing runner 
by the middle of May. It is currently scheduled to remove 
concrete in the area of the bearing three weeks after the 
antennas become available on June 6. CTL asked if it would be 
practical to shore the disc from the inside during the 
reconstruction time. JPL answered that this would not be 
practical. The question was asked if it would be practical to 
do the reconstruction without supporting the entire antenna. 

JPL said that there would not be enough time to do it in this 
manner. In their opinion it would take longer to remove and 
replace concrete in segments underneath the runner than it 
would to just lift the antenna up and reconstitute the bearing 
all at once. 
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JPL stated that the polymer grout that they are considering for 
use underneath the runner is essentially impervious to oil. 

Even mixing oil directly into the grout does not appear to 
cause difficulty in setup or curing . JPL stated that the 
outside temperature reaches 110^ in the summer and can go as 
low as 25^ with a 30-mile per hour wind in the winter. JPL 
states that if the concrete continues to deteriorate to the 
point where the antenna pedestal is no longer useful, JPL will 
have to remove and replace the entire pedestal. They are 
presently looking into ways of accomplishing this if it turns 
out that replacement is required. JPL stated that the polymer 
grout has the same modulus of elasticity as Portland cement 
grout. Also, the Jodral Bank antenna in Great Britain has used 
polymer grout and it has performed adequately for the past 14 
years. The runner at Goldstone is being shimmed generally 
every week to keep the runner and bearing alignment correct. 

JPL considers 25 years to be the required life for the antenna 
pedestal. 

The following are notes made of the Thursday morning meeting. 
Those in attendance at this meeting were W. G. Corley, A. E. 
Fiorato, D. Musser, A. Litvin, E. A. B. Salse, R. G. Oesterle, 

D. M. Schultz and B. J. Morgan.* 

The major points discussed were: 

1. Hell thought out procedures will be required to .insure 
that the flowable Bristar properly fills the horizontal 
holes to be used to initiate splitting in the concrete. 

2. Consideration should be given to the use of a hydraulic 
splitter . 

3. A mockup would be appropriate so the contractor could 
practice splitting and replacement of concrete 
techniques before June 6. 

4. All oil impregnated concrete of any substantial area 
should be removed even if below whatever depth they 
plan to go. 


*Resp»iCtively, Divisional Director, Engineering Development 
Division; Director, Materials Research Department; Director, 
Construction Methods Department; Principal Engineer, Construc- 
tion Methods Department; Director, Structural Evaluation and 
Fire Research Department; Manager, Analytical Design Section; 
Manager, Structural Experimental Section and Senior Engineer, 
Analytical Design Section. 
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5. Vertical cores down through the launch would be 
advisable prior to June 6 to deteraine concrete 
conditions. 

6. Shrinkage of new concrete against old will exist with 
accoapanying cracking. All the standard precautions 
like using a low water/ceaent ratio should be used to 
ainiaize this. X£ superplasticisers are to be used, 
very careful consideration should be given to tiae of 
workability in hot weather. 

7. This is definitely a hot weather concrete job and all 
the hot weather precautions should be taken. Insula- 
tion during curing aay be called for to keep teapera- 
tures cracking down which potentially could be worse 
than shrinkage cracking. 

8. Creep properties of the new grout to be used under the 
runner should be deterained. 

9. Instead of removing 6 to 8 inches of concrete all the 
way around, it aay be sufficient to remove only to a 
depth required to reach sound concrete. 

10. If substantially more concrete than 6 to 8 inches is 
to be removed, an analysis should be made of the 
remaining structural integrity of the haunch and disc 
area, shoring of the disc from the inside may be 
required to maintain structural integrity if any major 
rework of the haunch is undertaken. 

The third meeting on Friday afternoon was a more-or-less 
informal discussion of various ways and means of repairing the 
concrete pedestal. Those who participated in the discussions 
were McClure and Phillips of JPL and Oesterle, Salse, Musser 
and Litvin of CTL. CTL asked why remove 6 to 8 inches of 
concrete first. Why not just remove the concrete down to sound 
material. JPL responded by saying that this is the thickness 
recommended by the Bureau of Reclamation. Also, if they plan 
to remove 6 to 8 inches all the way around the pedestal, it is 
easier to plan and schedule construction because precisely how 
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much to bo romovod it known nhoad of timo. On tho othor hand 
if thay specify concrata ramoval down to solid or sound mats- 
rial, tha construction is opan andad and it is difficult to 
astinata how long and how axtansiva tha work nay ba. 

Tha prasant runnar height must ba kept within approximately 
1/8 to 1/4 inch. CTL suggested that a large tool ba used if 
dry-packed grout is to ba utilized to make tha packing of tha 
grout more efficient. Tha area around tha bearings, both tha 
vertical bearing, and horizontal bearing, is not air-con- 
ditioned. Air is circulated in tha area, however. 

CTL offered to formulate procedures for tha preparation of 
tha surfaces to receive both the new concrete and grout. JPL 
indicated that it night be appropriate for CTL to prepare a 
number of specifications and procedures for the repair work. 

JPL also stated that they would like creep and aging tests for 
the polymer grout. CTL stated that we may have some creep data 
for polymer grout from a previous testing program. JPL stated 
that they will be using their mockup to check out grout place- 
ment and placement techniques. CTL suggested that it would be 
a good idea to mockup the actual reinforcement and concrete 
configuration for trials to develop the splitting technique 
before attempting to split the concrete in the pedestal. 

In answer to the suggestion that it might be possible to 
increase film height as a permanent solution, JPL responded 
that film height can be increased in a essentially two ways. 

The viscosity in the oil could be increased or the oil flow 
could be increased which in turn would Increase the pressure 
and film height. Crowning the pad has also been considered 
to compensate for increased deflection of the concrete. 


BRUCE MORGAN 

Analytical Design Section 
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SPECIFICATION FOR PEDESTAL CONCRETE REPAIR 


CHAPTER I " SC(»E 

This spseification covers concrete repair for the pedestal 
supporting the 64 meter antenna at DSS-14, Goldstone, California. 
Topics covered by this document include mater ialSf concrete mix 
and its production# formwork# concrete placement# protection 
and curing. 

CHAPTER 2 - MATERIALS 

2.1 CEMENT 

All cement used in the concrete mix and bonding agent 
shall meet the requirements of ASTM C150 Type II# low 
alkali and moderate heat of hydration. Manufacturer's 
certification shall be furnished to JPL (Jet Propulsion 
Laboratory) for approval prior to start of work. 

2.2 WATER 

Water used in mixing concrete shall be potable# clean# 
and free from injurious amounts of oils, acids# salts, 
organic materials, or other substances that may be 
deleterious to concrete or reinforcement. 

2 . 3 AGGREGATE 

All aggregate shall be obtained from JPL - approved 
sources in the Lytle Creek drainage area near San 
Bernardino, California. No Mojave Desert aggregate 
shall be used. 
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2.4 AONIXTORES 

Water Reducing Admixture shall conform to the require- 
ments of ASTM C494, and shall not contribute chloride 
ion in amounts that exceed corrosion thresholds recom- 
mended by ACI Committee 201 Guide to Durable Concrete. 
Admixtures shall be used strictly in accordance with 
the manufacturer's recommendations. 

2.5 BONDING AGENT 

Cementitious bonding agent shall consist of a 1:1 fine 
sand and Portland cement grout/ mixed with water to 
the consistency of thick paint. 

2.5.1 Sand shall be obtained from a JPL-approved 
source as described in Paragraph 1.1.3 of this 
Specification. 

2.5.2 All sand used in the cementitious bonding agent 
shall pass the No. 8 (2.36 mm) sieve. Ninety- 
five (95) percent of the sand shall pass the 
NO. 16 (1.18 mm) sieve. 

CHAPTER 3 - CONCRETE MIX 

3.1 GENERAL 

Concrete for the pedestal cap shall conform to all 
applicable requirements of ACI Standard 301-72 
(Revised 1981) except as herein amended. 

3.2 STRENGTH 

The compressive strength of the concrete shall be a 
minimum of 5000 psi at 28 days as determined by "Test 
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for Coaprttsivo strength of Cylindrical Concratt 
Spacinana” (XSTMC39). 

3.3 CEMENT CONTENT 

Concrata shall contain a mininua of 564 lb par cubic 
yard of canant. 

3.4 WATER-CEMENT RATIO 

Watar-canant ratio shall not axcaad 0.45. 

3.5 AGGREGATE SIZE AND GRADATION 

Maximum aggragata siza shall ba 1 inch. Pina and 
coarse aggragata gradation shall conform to tha 
raquiramants of tha Stata of California Dapartmant of 
Transportation Standard specification. 

3.6 SLUMP 

Tha concrata shall ba proportioned and produced to 
have a minimum slump of 2 in. at tha time of discharge 
into tha forms. Slump shall ba determined by tha 
"Test for Slump of Portland Cement Concrata” (ASTM 
C143). 

CHAPTER 4 - PRODUCTION OP CONCRETE 
4.1 Ready mixed concrata for this work shall ba batched, 
mixed and transported in accordance with "Specifica- 
tions for Ready-Mixed Concrete” (ASTM C-94). Plant 
equipment and facilities shall conform to the 
'Checklist for Certification of Ready Mixed Concrete 
Production Pacilities* of the National Ready Nixed 
Concrete Association. 


4.2 TEMPERING AND CONTROL OP MIXING MATER 

4.2.1 Concrett thsll bt mixed only in quantitiee for 
immediate use. Concrete which has set shall 
not be tempered, but shall be discarded. 

4.2.2 When concrete arrives at the site with slump 
below that suitable for placing, as indicated 
by Paragraph 3.3 of this specification, water 
may be added only if the maximum permissible 
water-cement ratio is not exceoded. The water 
shall be incorporated by additional mixing 
equal to at least half of the total mixing time 
required. 

CHAPTER 5 - FORMWORK 

5.1 Formwork shall be constructed of 3/4-in. thick Duraply 
or JPL-approved equal as shown in Fig. 1. 

5.2 Plywood shall be fastened to the pedestal wall using 
the Blue-Max Tapeon fastening system. JPL will furnish 
the Blue-Max Tapeon screws, washers and installation 
equipment. 

5.3 Plywood form shall lap down onto sound concrete a 
minimum of 8 inches. 

5.4 The inside face of the form at the horizontal concrete 
surface shall be sealed to prevent leakage of mortar. 

CHAPTER 6 - QUALITY CONTROL TESTING 

6.1 Concrete shall be tested to determine strength and 
workability in accordance with methods outlined in 
Paragraphs 3.2 and 3.6 of this specification. 
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6.2 Quality control tatting will bt th« rasponaibility of 
a tasting agancy dasignatad in tha contract docuaiants. 
Tha Contractor nay, at his option and axpansa, angaga 
a saparata tasting agancy for bis own infornation and 
guidance. 

6.3 Tasting will ba parfornad in accordance with tha 
raquiranants of Chapter 16 of XCI Coanittaa 301 Report 
except as noted below. Tha Tasting Agancy will have 
tha following duties: 

6.3.1 Authority to raconaandad rejection of concrete 
to JPL not naating tha raquiranants of tha 
approved design nix. 

6.3.2 Confirn contractor's confornanca with natarial 
raquiranants of this specification including 
verification of design nix. 

6.3.3 Conduct strength, slunp, and tanparatura tests 
of concrete on tha following basis: 

6. 3. 3.1 Three cylindrical test spacinans shall 
ba obtained and tasted for each batch 
of concrete placed. Cylinders shall 
ba nada in accordance with ASTM 
Designation C 31, "Making and Curing 
Concrete Conprassiva and Flexural 
Strength Test Spacinans in tha Field.* 

6. 3. 3. 2 Slunp and tanparatura tests shall ba 
parfornad at tha tine of concrete 
placanant for each batch of concrete 


placed. 
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€.4 Zn addition to cylindara curad and taatad undac condi- 
tion# raquirad by Paragrapto 6.3.3 •! of this tpaeifica- 
tion« tha Tatting Agancy aball prapara duplicate tat# 
of thraa cylindara for aacb batch of concrata placed. 
Tbaaa cylindara aball be field curad under condition# 
equal to curing for corraaponding concrata placananta. 
8ucb cylindara aball be taatad at an age of 7 day#. 

6.S All quality control teat raaulta aball be diatributad 
to JPL and tba Contractor. 

€.6 Zf atrangtb taata indicate that apacifiad concrata 
conpraaaiva atrangtb baa not bean attained# tba Con- 
tractor aball Mka additional taata aa raquirad by JPL 
to datarnina tba atrangtb of concrete in place. Zn 
tba event that aucb taata and aubaaquant analyaia 
indicate that tha work ia not in confornanca with tbia 
apacification# JPL will require raaadial or raplaca- 
nant naaauraa aa nacaaaary. ^a Contractor aball bear 
all coat# in connection with tha added taating# 
engineering and ramadial work. 

CHAPTER 7 - CONCRETE PLACEMEMT 

7.1 SURFACE PREPARATION 

7.1.1 Praahly axpoaad concrete aurfacaa aball be 
aandblaatad with aiza 12 grit. 
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7.1.2 Nh«n oil saturatod aurfacaa are ancountacad 
following sandblasting, thasa surfacas shall 

ba claanad as diractad by JPL anginaaring staff 
using ona of tha following tachniqu**: 

7. 1.2.1 Apply a soaking solution of ona part 
trisodiun phosphata in six parts watar 
to tha araa. iBsadiataly following 
application of soaking solution, covar 
affactad araa with a mininua 1/2-in. 
thick layer of a dry, powdered, absorb- 
ent inert material or Portland cement 
and allow to dry for a minimum of 24 
hours. Remove the dried pasta and 
scrub tha surfaca with claar watar. 
Rapaat this traatmant as nacassary. 

7. 1.2. 2 Sama procadura as 6. 1.2.1 axcapt usr a 
soaking solution of 5% sodium hydroxida 
(caustic soda). 

7. 1.2. 3 Sama procadura as 6. 1.2.1 using a 
banzana soaking solution, and allowing 
minimum 1 hr drying tima. 

7.1.3 Following sandblasting, tha araa to ba rapairad 
shall ba blown claan with comprassad air to 
assura that all loosa particlas hava baan 
ramovad. Following claaning, all araas shall 
ba closaly inspactad to maka sura that all 
loosa or hollow concrata is ramovad. 
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7.1.4 Prior to concroto placomontr concrote tur- 
fac«8 and formwork shall be Inspected and 
approved by JPL personnel. 

7.1.5 Existing clean concrete surface shall be 
dampened prior to installation of concrete. 
Standing water in low spots shall be removed. 

7.1.6 The cementitious bonding agent shall be 
scrubbed onto the properly prepared surface 
with a brush or broom to a thickness no greater 
than 1/4 in. Application of bonding agent shall 
occur within 1/2 hour of mixing time, and not 
more than 5 minutes prior to concrete placement. 

7.2 CONVEYING 

7.2.1 Concrete shall be handled from the mixer to the 
place of final deposit as rapidly as prac- 
ticable by concrete bucket without segregation 
or loss of ingredients to maintain the required 
quality of concrete. 

7.2.2 JPL will provide a crane and operator. 

7.2.3 The bucket shall be of a size and design such 
that detectable setting of concrete shall not 
occur before adjacent concrete is placed. 
Conveying equipment shall be cleaned prior to 
placement operations. 

7.2.4 Truck mixers, agitators, and nonagitating units 
and their manner of operations shall conform to 
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the applicable requirements of "Specifications 
for Ready-Mixed Concrete” (ASTM C94). 

7.3 DEPOSITING 

7.3.1 General - Concrete shall be deposited con- 
tinuously from the bucket using a chute. 

If a section cannot be placed continuously, 
construction joints shall be located only as 
approved by JPL. Placing shall be carried on 
at such a rate that concrete which is being 
integrated with fresh concrete is still 
plastic. Concrete which has been partially 
hardened or has been contaminated by foreign 
material shall not be deposited. 

7.3.2 Segregation - Concrete shall be deposited as 
nearly as practical to its final position to 
avoid segregation due to rehandling or 
flowing. Concrete shall not be subjected to 
any procedure which will cause segregation. 

7.3.3 Consolidation - All concrete shall be con- 
solidated by vibration, spading, rodding, or 
forking so that concrete is thoroughly worked 
around reinforcement, around embedded items, 
and into corners of forms, eliminating all air 
or stone pockets which may cause honeycombing, 
pitting, or planes of weakness. Internal 
vibrators shall have a minimum frequency of 
8000 vibration per minute and sufficient 
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amplitude to consolidate the concrete effec- 
tively. They shall be operated by competent 
workmen. Usu of vibrators to transport con- 
crete within the forms shall not be allowed. 
Spare vibritors shall be kept on the job site 
during all ccicrete planning operations. 
Procedure for internal vibration shall be as 
specified in Chapter 7 of "Recommended Practice 
for Consolidation of Concrete" (ACI 309-72). 

7.4 FINISHING 

Following pic cement, the surface of the freshly placed 
concrete shall be struck off and screeded. The 
resulting concrete surface shall be level with the top 
of the form, with a tolerance of + 1/4 in. 

7.5 PROTECTION 

7.5.1 Unless adequate protection is provided and 
approval is obtained, concrete shall not be 
placed during rain. 

7.5.2 Rainwater shall not be allowed to increase the 
mixing water nor to damage the surface finish. 

7.5.3 Placing temperature - When the temperature of 
the surrounding air is expected to be below 40F 
during placing or within 24 hr thereafter, the 
temperature of the plastic concrete, as placed, 
shall be no lower than 55F. The temperature of 
the concrete as placed shall not be so high as 
to cause difficulty from loss of slump, flash 
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s«t, or cold joints and should not sxctsd TOP. 
Whsn the tempsrstucs of ths concrsts sxcstds 
TOP, prscsutionsry msssurss approved by JPL 
shall be put into effect. Precautionary 
measures shall be provided in accordance with 
ACI Committee Report 305R-TT, *Bot Weather 
Concreting* except as herein amended. When the 
temperatureof the steel is greater than 120P, 
steel forms and reinforcement shall be sprayed 
with water just prior to placing the concrete. 
T.5.4 To prevent thermal concrete cracking caused by 
rapid cooling of the structure during the night 
hours, and to prevent harmful thermal gradients 
from developing in the new concrete, one of the 
following insulating methods shall be used on 
exposed concrete surfaces for the duration of 
the curing: 

T.5.4.1 Polystyrene insulation boards. 

T.5.4. 2 Insulating blankets. 

CHAPTER 8 » CURING 

8.1 GENERAL 

Beginning immediately after placement, concrete shall 
be protected from premature drying, excessively hot or 
cold temperatures, and mechanical injury, and shall be 
maintained with minimal moisture loss at a relatively 
constant temperature for the period necessary for 


hydration of the cement and hardening of the concrete* 
The materials and methods of curing shall be subject 
to approval. 

8.2 PRESERVATION OP MOISTURE 

8.2.1 For concrete surfaces not in contact with forms, 
waterproof sheet materials conforming to "speci- 
fications for waterproof Sheet Materials for 
Curing Concrete" (ASTM C171) shall be applied. 

8.2.2 Curing shall continue for a minimum of 7 days. 
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Mix Design for Replacement Concrete 


Ib/cu yd 


Cement - Type II Mod. 

611 

(6.5 bags/cu yd) 

Net Water 

263 

(W/C - 0.43) 

C.A. (NO. 3+No. 4) Gravel 
From Lytle Creek 

1905 

Dry wt 

F.A. (from Lytle Creek) 

1240 

Dry wt 


Properties of plastic 

Net Air Content 
Slump (initial) 
Slump •¥ 30 min 
Slump ■¥ 90 min 
Unit wt 


Concrete at 70*P 


1.5% 

2.0 in. 

1.0 in. 

1.0 in. 

149.8 Ib/cu ft 


Use super plasticizer added at job site to improve workability. 

use recommended dosage to bring slump into the 4 to 6 in. range. 

Added workability from use of plasticizer should last for 20+ 
minutes. 

Redosage after slump loss from first dosage of superplasticizer 
should restore slump back to 4 to 6 in. range for additional 
20+ minutes. 
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